Background: The radiotherapy can directly affect the bond strength of the adhesive materials, interfering in the prognosis of restorative treatments, which may be caused by chemical changes in dentin structure. Methods: Twenty inferior homologues premolars were distributed in 2 groups (in vitro study) (n = 10): nonirradiated and irradiated. The specimens were submitted to the analysis of phosphate (ν 1 PO 4 3−
surrounding tissues such as bones, mucosa, teeth, and salivary glands are hardly preserved. [25] [26] [27] [28] [29] In enamel and dentin, the literature has shown that radiation can cause microhardness reduction, 7, 13, [30] [31] [32] due to the high water content (10%) of the dentin 33 ; obliteration of the dentinal tubules 13, 34 and odontoblastic processes, 7, 34 due to the lack of vascularization and difficult metabolism of the irradiated cell 7, 34 ; and collagen fibers degeneration, 7, 13, 15, 35, 36 by the action of free radicals. 37 The alteration in organic compounds may also interfere with the ultimate tensile strength and bonding resistance of adhesive. 18, 38 In addition, pulpal fibrosis occurs secondary to the pulpal vascularization and odontoblastic metabolism reduction. 35, 39 Radiation-related caries, or radiation caries, is a complex and destructive disease of multifactorial origin, 13, 15 which differs from conventional caries lesions by presenting rapid progression and reaching surfaces normally free of caries, such as tips of cusps and free dental surfaces. 14, 15, [40] [41] [42] The radiation caries leads to severe destruction of mineralized dental tissues 43 and consequently, pulp alterations. 35, 42, 44 Clinically, it presents difficult diagnosis and classification of the stages of cavitation, impairing the standardization of treatment. 45 In the literature, there is still no consensus on how dental structure is altered by radiotherapy treatment. 7 The high prevalence of radiation caries is a challenge and involves regular dental care, maintenance of oral hygiene, use of fluoride, and decreased consumption of acids and cariogenic foods 46, 47 in order to avoid the need for endodontic treatment and complex restorative procedures with intraradicular retention. Thus, it is important to know in detail the effects of radiation on the chemical composition of dentin, aiming to better approach these patients regarding the prevention of "radiation caries," as well as the correct planning and development of strategies for the accomplishment of the restorative procedures. The purpose of this study was to evaluate the chemical composition of the radicular dentin submitted to X-ray irradiation using 6 MV, in a fractional regime ( After macroscopic and radiographic examination, 20 homologous human lower premolars were selected. The established exclusion criteria were: incomplete root formation, presence of more than 1 canal, root and canal with moderate or marked curvature, calcifications in the pulp chamber, internal resorption, cracks and fractures, previous endodontic treatment, and presence of metallic restorations so that there was no increase in the amount of secondary radiation.
The teeth were washed in running water for 24 hours and had their external surface cleaned by ultrasonic scraping (Profi II Ceramic, Dabi Atlante Ltda., Ribeirão Preto, São Paulo, Brazil). Then, they were inserted into Eppendorf tubes containing artificial saliva, pH 7, renewed daily, and stored (37 C, 100% humidity). The artificial saliva used is composed of phosphate, potassium diacid, dibasic potassium phosphate, potassium chloride, sodium chloride, magnesium chloride, calcium chloride, sodium fluoride, sorbitol 70%, flavoring, preservatives (nipagin/nipasol), thickener, and water. The samples were then distributed into 2 groups (n = 10) according to the radiotherapy regimen: group I, nonirradiated; and group II, irradiated; submitted to fractional X-ray radiotherapy using 6 MV. The samples from group I were stored for further analysis in CRS.
| Protocol of radiotherapy
For irradiation, all the teeth of group II (n = 10) were placed on a plastic support horizontally in order to allow the direct irradiation to remain the same per unit area. In order to keep them in a humid environment, the plastic support was filled with distilled water simulating the characteristics of the oral cavity, completely covering all the teeth. The teeth were irradiated by X-ray using 6 MV in fractional regime of 2 Gy, for 5 consecutive days, with 30 cycles, for 6 weeks, making 60 Gy. 15, [48] [49] [50] [51] The X-ray lin- The plastic carrier was aligned equidistant from the center of the bundle and into the cone to ensure a uniform dose rate (approximately 2.85 Gy/min) and total dose delivery per fraction. Quality control was performed using the Nanodot dosimeter (Landauer, Inc., Glenwood, Illinois), and the dose readings on the surface of the plastic support were used to calculate the beam-on treatment times. The dosimeters were placed under the irradiated plastic carrier and calibrated according to the beam conditions described above.
In the period between the irradiation cycles, the teeth were again stored in Eppendorf tubes with artificial saliva, renewed daily, and kept in at 37 C and 100% humidity, in a total of 30 cycles for 6 weeks. 15 
| Preparation of specimens
The teeth were placed in acrylic resin plates with the longitudinal axis parallel to the surface of the teeth and fixed with hot glue. The plates were individually coupled to the Isomet 1000 cut machine (Buehler, Lake Forest, Illinois) and the teeth were sectioned parallel to their long axis in the buccolingual direction with a diamond disk of 0.5 mm thickness and weight of 75 g (South Bay Technology, San Clement, California) at a constant speed of 300 rpm under refrigeration. Subsequently, the sectioned samples were again fixed in acrylic resin plates with the longitudinal axis perpendicular to the surface thereof and fixed with hot glue. The crown of each sample was sectioned near the amelodentin junction and discarded, while the root was sectioned in 3 thirds: cervical, middle, and apical. Each third was fixed with the longitudinal axis parallel to the surface of the acrylic resin plate and were sectioned to obtain 3 specimens each. Of these specimens, 2 were used for analysis in the present study, one corresponding to the intracanal root dentin and the other to the middle root dentin and cementum ( Figure 1 ). Afterward, to leave the specimens parallel for CRS analyses, the nonanalyzed surfaces were placed in a matrix and polished with water abrasives #1200, in a polishing machine (Politriz Universal Aropol 2 V, Arotec, Cotia, São Paulo, Brazil), under abundant cooling. The specimens were then taken to the ultrasonic vessel with distilled and deionized water (Ultrasonic Clearner T-1449-D, Odontobrás Ind. And Com., 14 075-060, Ribeirão Preto, São Paulo, Brazil) where they were kept for 5 minutes.
| Analysis of the organic and inorganic composition by CRS
The teeth were submitted to analysis of the organic and inorganic composition of the root dentin before and after radiation, by means of CRS (Skin Analyzer-model 3510, River Diagnosis BV, Rotterdam, the Netherlands). Initially, the system was calibrated manually according to the manufacturer's instructions. The samples were positioned with the face to be analyzed facing downward. A ×40 objective (Olympus) was then used to concentrate light generated by the laser source with a wavelength of 785 nm, comprising the spectral range of (400-1800 cm
) in the low-frequency region, with spatial resolution of 2 μm. The laser power was 21 mW and the exposure time was 5 seconds, generating the spectrum. Three regions were analyzed: the intracanal root dentin region, from which 3 spectra were obtained, one of each root third; the medium root dentin region, from which 9 spectra were obtained, being 3 of each third root; and the cementum region, from which 3 spectra were obtained, one of each root third.
Dentin spectra were baseline corrected and normalized using the 960 cm −1 band for qualitative and semiquantitative spectral analyses. [51] [52] [53] Changes in the organic and inorganic dentin components were analyzed using the areas of the Raman bands ν 3 CO 3 2− , ν 1 PO 4 ) are related to organic component. 51, 54, 55 The areas of the peaks were calculated using the Microcal Origin 6 (Microcal Origin Software, Northampton, In addition, the analysis of the ratio of amide I to amide III was also determined. Then, the individual means of groups I (absence of radiotherapy) and II (radiotherapy regimen) were obtained for statistical analysis.
| Statistical analysis
The ν 1 PO 4 3− ; ν 2 PO 4 3− ; ν 4 PO 4 3− , ν 3 CO 3 2− , amide I, CH 2 , amide III, and amide I/amide III ratio data were initially subjected to the normality (Shapiro-Wilk) and homogeneity of variance (Levene) tests. Once normal and homogeneous sample distribution was found, the data were submitted to the T test for independent samples, evaluating the influence of radiotherapy on the values of selected parameters. All analyses were performed in SPSS v.17.0 for Windows software (SPSS Inc., Chicago, Illinois) with a 95% probability level (α = 0.05).
| RESULTS

| Raman spectra for nonirradiated and irradiated specimens
The mean Raman spectra of inorganic ( Figure 2 ) and organic components (Figure 3 (Figure 3 ). There is no shift or broadening of inorganic peaks after irradiation (Figures 2 and 3) .
The data (mean AE SD) relative to the evaluation of the peak area related to the ν 1 PO , amide I, CH 2 , and amide III observed by CRS in intracanal root dentin, medium root dentin, and cementum are shown in Tables 1-3, respectively.
| Evaluation of inorganic and organic components: intracanal root dentin
The T test for independent samples showed that the irradiated group presented lower values of peak area related to the observed that the irradiated teeth presented lower values statistically significant than the nonirradiated group (P = .003) ( Table 1) . Regarding the amide values, no statistical difference was observed between the groups in amide I (P = .29) and CH 2 (P = .79) (Table 1) . However, the radiotherapy treatment significantly reduced the amide III values (P = .04) ( Table 1 ). The amide I/III ratio showed a statistically significant difference (P = .00) when compared to the nonirradiated group (Table 1) .
| Evaluation of inorganic and organic components: medium root dentin
The T test for independent samples showed that the irradiated group presented lower values of peak area related to the ν 4 PO 4 3− statistically significant when compared to the nonirradiated group (P = .05) ( Table 2 ). Regarding the ν 1 PO 4 3− (P = .27), ν 2 PO 4 3− (P = .66), ν 3 CO 3 2− (P = .85), amide I (P = .78), CH 2 (P = .77), amide III (P = .33), and amide I/III ratio (P = .07) values there was no statistical difference between irradiated and nonirradiated teeth ( Table 2) .
| Evaluation of inorganic and organic components: cementum
The T test for independent samples showed that there was no statistical difference between the irradiated and nonirradiated groups for peak area related to the ν 1 PO 4 3− (P = .26), ν 2 PO 4 3− (P = .91), ν 4 PO 4 3− (P = .44), ν 3 CO 3 2− (P = .57), amide I (P = .22), CH 2 (P = .43), amide III (P = .18), and amide I/III ratio (P = .65) values (Table 3) .
| DISCUSSION
This study demonstrated that radiotherapy promotes changes in the organic phases and may be capable of altering the inorganic phases of root dentin. The structural changes in dentin associated with the quantitative and qualitative reduction of saliva and the difficulty of hygiene of the oral cavity 24 favor the appearance and progression of radiation cavities, causing severe tissue destruction. 14 These facts should be considered for the establishment of treatment protocols for patients undergoing radiotherapy. In the literature, there is still no consensus on how dental structure is altered by radiotherapy treatment, 7 due to different research methods, like how the teeth were irradiated, 7, 31, 40, 56 the use of bovine teeth, 22, 30, 32, 40 the use of saline or dry storage, 7, [30] [31] [32] 40, 43 as well as the way the research was conducted, in vitro or in vivo. 7 Regarding the methodology used in this study, the conventional fractionation 11, 13, 15, 16, 18, 50 was used to simulate the clinical conditions. 13, 15 Also, a linear accelerator was used, which is an accurate device for the radiotherapy of patients with head and neck cancer, irradiating neoplastic structures with greater precision as to the location and intensity of the beam. 15, 57 It is noteworthy that during exposure to irradiation the teeth were immersed in distilled water, as the immersion in artificial saliva could hinder the homogeneous distribution of the irradiation, due to its viscosity and high concentration of ions. 15, 57 In addition, water is the main constituent of human tissues and, therefore, immersion in distilled water during radiotherapy can simulate the surrounding soft tissues both physically and chemically by the formation of free radicals by the radiolysis of water molecules resulting in cell necrosis. 15, 57, 58 For the study of chemical changes in dental structure caused by radiotherapy, CRS was used to identify the chemical bonds characteristic of organic and inorganic compounds through polarity change associated with vibrational modes of the molecules, nondestructive, and highly accurate, 53, [59] [60] [61] [62] [63] allowing the analysis of the intensity of the peaks of phosphate, carbonate, amides I, CH 2 , and amide III. These match the spectra of teeth reported earlier. 51 The results obtained through the T test for independent samples showed that in the intracanal root dentin region, as well as in the middle root dentin region, the irradiated group had lower ν 4 PO 4 3− values, probably due to the presence of phosphorus in the hydroxyapatite structure located more externally, which makes it more unstable and susceptible to damage. 64 However, the peaks centered on ν 1 PO 4 3− and ν 2 PO 4 3− did not present significantly difference in area values. Thus, it is not possible to affirm that the radiation therapy causes changes in inorganic phase of root dentin. CRS showed that there is no shift or broadening in inorganic and organic peaks after irradiation (Figures 2 and 3) . As for the carbonate values, it was observed that the irradiated teeth presented lower values when compared to the nonirradiated group in the intracanal root dentin region. Dentin is a mineralized structure with innumerable dentinal tubules. 65 The internal walls of the tubules are coated with highly mineralized dentin, whereas the portion between the tubules is less calcified and with a higher volume of organic matrix. 65 The density of the tubules tends to increase in the apex-crown direction and as they approach the pulp tissue. 66, 67 Pashley found an inverse relationship between the number of tubules and the microhardness of the tissue. 65 Craig et al. and Rautiola and Craig observed that the microhardness of dentin tends to increase as it distances from the dental pulp. 68, 69 Thus, knowing that the microhardness is related to the inorganic matrix, we can assume that the lower proportion of inorganic content in the intracanal region causes an imbalance in the ionic exchanges that occur between phosphate and carbonate, [70] [71] [72] making the dentin more soluble and susceptible to the loss of ions to the artificial saliva. 13, 51 The lower concentration of carbonate favors the development of caries lesions. [71] [72] [73] This imbalance is related to the lower degree of mineralization and higher density of tubules in the intracanal root dentin region, [65] [66] [67] [68] [69] which also justifies the nonalteration of carbonate in the middle root dentin region. In addition, the literature evidences the reduction of dentin microhardness after radiotherapy. 13, 50, 74 In our results, it was possible to observe that the irradiated teeth showed reduced values in the amide III peaks when compared to the nonirradiated group in the intracanal root dentin region. This may result in the disorganization in the secondary structure of the collagen fiber-forming protein unit, 75, 76 modifying the natural arrangement between the mineral and organic components of the dentin. 77, 78 The disorganization in the collagen may probably justify changes in its physical and mechanical properties such as: increased solubility, [79] [80] [81] tensile strength reduction of the coronary and root, 16 as well as the occurrence of shear fractures. 82 In addition, morphological and structural changes in collagen can be evidenced by the significant reduction of the amide I/III ratio in the irradiated group, which is also related to the nature and organization of the collagen secondary structure. 83 On the other hand, no statistical difference was observed between the irradiated and nonirradiated teeth for the amide I and CH 2 values, indicating that radiotherapy does not lead to the effective loss in quantity of the organic material. 84 The characteristic vibrational modes of amide I are stretches between C O, with lower contribution of deformation of N H. 85 The decrease in the amide peak I is related to damage or removal of the collagen fibers 83 while CH 2 is related to the angular deformation of N H and bonding stretching C N, 84 usually attributed to proteins, lipids, and carbohydrates. 86 In the cementum region, no statistical difference was observed between the irradiated and nonirradiated groups for the values of peak area related to the phosphate, carbonate, amide I, CH 2 , and amide III. The results found for cementum differ from dentin possibly due to structural differences in tissues, 87 as the lower degree of mineralization and the greater amount of organic substance of the cementum. 88 The absence of statistical differences in the spectra (Figures 2 and 3 ) and in the peak areas found after irradiation must be interpreted with care, because the dentin composition could be modified by irradiation; however, those changes could be incipient and after pH cycle this structure could be affected as previously reported in primary enamel. 51 The chemical changes in the structure of collagen after radiotherapy, evidenced by the alteration in the amide III peaks, can directly interfere in the bond strength of the adhesive materials, interfering in the prognosis of restorative treatments. 11, 13, 15, 16, 18, 30, 34, 35, 43, 50, 51 Thus, it is necessary to establish protocols to prevent or attenuate deleterious effects during radiotherapy treatment, as well as to propose more adequate materials and techniques that promote the aesthetic and functional restoration of these patients. Other studies are needed to evaluate the composition and molecular structure of root dentin and cementum that has undergone radiotherapy. Furthermore, because this study was performed in vitro, it has limitations on the reproduction of factors, such as changes in oral microflora, hyposalivation, and diet, which could not be considered. In conclusion, CRS detected that radiotherapy was able to cause changes in the peak area related to the carbonate and in amide III peak of the root dentin.
